The smallpox epidemic that passed through the Hudson Bay region in 1780-82 is reported to have devastated the native population, causing mortality of 60 to 90 percent. We reassess this claim using three approaches. First we review case-fatality rates from smallpox in more recent, well-documented epidemics; we discuss the nature of smallpox transmission; and we review the possible impact of genetic factors and lifestyle on mortality from smallpox.
Introduction
Conjectures, assumptions and assertions surround the debate on the size of Native American populations just prior to European contact. Current estimates for North America north of the urban civilizations of central Mexico range from lows of 1,041,480 argued by Kroeber and 1,893,350 by Ubelaker to Dobyns' estimate of 18,022,006 (Ramenofsky 1987: 7; Ubelaker 1992:170) . A consensus view would put the population in the range of six to twelve million. Critical to the wide variation in estimates are differences in views about the the timing and impact on native peoples of the diseases brought by the first Europeans. There is little dispute about the size of the native population in the nineteenth century, when direct counts were made. The issue is whether the seemingly low numbers in these counts are a consequence of a very much larger pre-contact population that was decimated by disease, or whether native population densities, even in the pre-contact period, were low. Epidemics with mortality rates of 90 percent, as has been suggested by Doybns (1983) , have far different implications than disease outbreaks that were more limited and less severe. As Shepard Kretch points out: "to decide on a sensible [pre-contact population] number, does not mean trivializing the extent of disease nor the extent of biological change introduced by Europeans.
But to agree with the highest estimates assumes that diseases arrived early, spread widely and were invariably fatal ... and that diseases can actually be identified" (Kretch 1999: 85) .
Native populations prior to 1500 and for the first three centuries of European contact are hard to determine largely because we have so little information. Prior to contact, the main source is the archeological evidence (Ramenofsky 1987) . This evidence, drawn from excavations of particular sites, has been used to help describe many aspects of native life, including their health (Steckel et al. 2002; Steckel 2009 ); but, given the necessarily small samples, this sort of evidence is of limited use in determining, by extrapolation, the size of the overall population. For the immediate post-contact period there are estimates of aboriginal populations based on the reports of European travelers and traders who observed native settlements. There is also a literature that has tried to infer native populations from the nature of their agricultural and hunting activities, and the types of flora and fauna that were available (Dobyns 1983; Ramenofsky 1987) . But it is only in the last century and a half that we have direct census counts. Whatever the initial native population, it seems clear that the declines were due more to disease than war, as Owsley's (1992) study of archeological sites and skeletal remains has shown for the Northern Plains Indians.
In this paper we explore the impact of perhaps the earliest epidemic to hit natives living in the Hudson Bay drainage basin: the smallpox epidemic of 1780-82. The Hudson's Bay Company had erected its first trading posts on the bay coast in 1670s, yet nowhere in the written record of the next hundred years is there any indication of smallpox. Indeed, the traders and the natives' own oral history refer to the 1780s as the first time smallpox reached their region. This first outbreak provides an opportunity to examine the impact of smallpox on a native population that had never been exposed to the pathogen.
We begin by reviewing contemporary descriptions of the epidemic and the way Europeans and natives reported how smallpox affected the region. As we discuss most contemporary accounts speak of mortality rates ranging from 60 to 90 percent. We then study the epidemic using three quite different approaches. First, we summarize the mortality experience associated with other smallpox outbreaks, including the mortality among "virgin soil" populations, those with no previous exposure to smallpox. We include as well a discussion of the process of transmission and recent evidence on the role of genetic factors.
Second, we place the epidemic in the context of the region's fur trade. Natives in the Hudson's Bay Company's hinterland were the sole trappers of beaver and other furs; and so any serious decline in the native population would certainly have been reflected in the company's fur returns. Finally, we infer the extent of the population decline by making backward projections of the native population from the early nineteenth century to the 1780s.
The resulting estimates are compared to the likely pre-epidemic population, which we base on the carrying capacity of the region, namely the population that could have been sustained by the large game, which in the region was mainly moose. Our three approaches to the epidemic all point in the same direction. We conclude that, although mortality was likely high during the smallpox outbreak, the disease had an impact much lower that has previously been asserted; the likely mortality was likely under 20 percent. Importantly, although these findings are for one episode, our results may have broad implications for the interpretation of pre-contact aboriginal population and the impact of European-borne disease.
The Smallpox Epidemic of 1780-82
The first major epidemic to affect natives trading in the Hudson Bay region appears to have been transmitted through the trading villages along the upper Missouri River by the Sioux in 1780 and 1781. This was part of a much larger series of smallpox outbreaks that began five years earlier, during the American Revolution. By the fall of 1781 the disease 1 vector had reached the Assiniboin, who were trading at Hudson House and Cumberland House, two interior collection points along the Saskatchewan River that the Hudson's Bay Company had established in the 1770s to help compete with the trade from Montreal (see Figure 1 ). Both collection centers traded goods for furs which were then sent on to York Factory, the company's largest trading post.
The most direct knowledge we have of the epidemic comes from the daily journals of the chief traders, which report the activities at each of these trading houses as required by the Cumberland House began to received news of the epidemic in December. The entry, for Tuesday, December 11, reads in part:
Wind Westerly, a fresh Breeze Weather for the most part cloudy, with a low Drift... In the Evening three men and four women arrived from the southward with Furs to Trade also one family came across the lake from the Westward, the former has brought the Disagreeable news of many Indians dying, and the latter complain much for want of food. Indeed one of those that came from the southward does not seem to me to live long as she is troubled with violent pain in her back and much inclined to Vomitting, these inform me of seeing several Tents without anybody alive in them and some of the Dead not Buried (HBC, Cumberland House Journals, . 2 Reports of smallpox and its effects now began to dominate the reports. In a letter dated December 4th, William Walker, clerk at Hudson House, had written: "small pox is rageing all round us with great violence, sparing very few that take it, we have received the News of above 9 tents of Indians within here all dead, ... as for the Stone Indians there are very few if any left alive..." Mr. Walker went on to say that the post would have problems getting in provisions "when the Indians is dying daily and them that has not taken the small pox is frightened to look after any thing for fear of falling with others that is bad" (HBC, Cumberland House Journals, .
From the Cumberland and Hudson House journals it is possible to roughly track the course of the disease (see Figure 2) . The journals note that as of January 2nd, 1782, four Indians from Le Pas, which was west of the disease vector, "had not heard of the disorder;" but by the 25th of the month "many sick Indians [were] arriving" from there. On February 19th, Cumberland House was told that in some tents near Le Pas, all the Indians were dead and that one-third of the Piegan Indians had died. There was a report on March 23rd that all in a group of ten tents in the Swampy River area (to the south) were dead. Company personnel did not merely describe the event, they also tried to assess its overall impact, which they reported to the directors in London. Samuel Hearne, who had spent time at Cumberland House in its early years and later became chief trader at Fort Churchill, was living at York Factory during the outbreak. He reported that 90 percent of the Indians in the Northern Barrens, the area to the east and north of the post, had died (Tyrell 1934: lx Hudson House during the epidemic, he concluded that "far more than one half had died, and from the number of tents remaining, it appeared that about three fifths had perished."
Thompson goes on to assert that "more men died than women and children." 6 The virtue of contemporary reports is that they are based on first-hand accounts of the outbreak as experienced by those living in the region. In fact it is primarily from these accounts that researchers have concluded that mortality from smallpox ranged from 60 to 90 percent. In his work on the Northern Athapaskan social organization, Shepard Kretch, citing Hearne, writes: "there is no evidence that any epidemic disease reached the Kutchin in the eighteenth century. In 1781, smallpox ravaged the Cree and Chipewyan, with losses among some Chipewyan groups estimated up to 90 percent" (Kretch 1978: 712) . In Indians and the Fur Trade, Ray writes that "lacking any immunity ... the Indians suffered terrible losses" (Ray 1974: 105) . While not being specific about actual mortality, Ray tends to agree with David Thomson's claim that mortality was one-half to three-fifth of the population. In his introduction to the Saskatchewan Journals, Glover wrote that "among the natives the scourge swept as murderously as the Black Death through medieval England" (Tyrell 1934: lviii) .
These contemporary accounts are direct evidence of the epidemic. Still, Europeans, and indeed natives in the region, would have had only a partial picture of the epidemic. They did hear about and witness native deaths, but given the limited area where they lived and worked, they could obtain no more than a rough idea of the broader impact.
Variola and Mortality
Smallpox or variola is an infectious disease. Variola major is the more severe class and would have been the form that afflicted America in the eighteenth century. Yet even in the case of variola major there could be larger differences in mortality depending on the progress of the disease, whether haemorrhagic, flat, ordinary, or modified. Modified refers to those who have had previous exposure and so is not relevant to this discussion.
Haemorrhagic and flat are both extremely severe and nearly always fatal. As its name suggests, haemorrhagic refers to visible bleeding into the skin and flat refers to pustules that are not raised on the skin. None of the entries by company officials describe these forms. For example, the Cumberland House journal entry for December 27th notes "This morning could observe the small pox coming out very thick upon sick lads heads and thighs." This is the classic location for smallpox. Ordinary variola major is therefore probably what was contracted.
The nature of the rash is itself a leading indicator of mortality. The number of lesions touching one another within a defined area is called confluence. The greater the degree of confluence the more dangerous the disease. A twentieth-century study of an unvaccinated population in rural India found case fatality rates of 62 percent for confluent ordinary-type smallpox, 37 percent for semi-confluent ordinary-type smallpox, and 9 percent for discrete ordinary-type smallpox (Fenner et al.1988: 22) . That same study found the incidence of these three types to be 22.8, 23.9 and 42.9 percent, respectively, of the total cases. Thus the weighted case fatality rate over the three types of smallpox was 30 percent.
We do not know which sub-type comprised the smallpox epidemic of the eighteenth century. However, given the wide variation in later smallpox fatality rates, the strain of smallpox that afflicted North America in the late eighteenth century could have had important implications for the mortality of the native (and European) populations. In the 1721 outbreak in Boston, the death rate was 15 percent among those who contracted smallpox, indicating perhaps that the sub-types of smallpox that characterized the epidemics were not the most virulent, but we do not know how many might have had prior contact with the disease (Fenn 2001: 33) . As we noted, the descriptions do suggest the ordinary type rather than the much more fatal haemorrhagic or flat. At the same we have to be careful not to infer too much given that the 1780-82 outbreak in the Hudson Bay region was a "virgin soil" epidemic, which may have led to higher mortality than epidemics among previously exposed populations.
There have been a number of well-documented studies of case-fatality rates in smallpox outbreaks since 1900 (see Table 1 ). These rates, which apply to unvaccinated populations, or those victims of the outbreak who were not vaccinated, are in the range of about 15to 35 percent, with rates similar, although slightly lower, for adults than children.
The highest rate reported in Table 1 , 35 percent, is for Madras, India over the period 1961-69, but the average over the these outbreaks is closer to 20 percent. These rates have the advantage of applying to populations who were carefully studied, and are likely more reliable than rates reported in earlier epidemics. An account of a "virgin-soil" epidemic in 1795 in a village on the Japanese island of Hachijo-Jima implies a case-fatality rate of 38.3 percent (Fenner et al. 1988: 227) . During the U.S. Civil War an outbreak of smallpox among a largely unvaccinated Union army led to case-fatality rates of about 35 percent -similar for whites and Negroes; while at the time of the Franco-Prussian war, French soldiers, who were not vaccinated, had case-fatality rates of 18.7 percent. There also are reports of total mortality in some early epidemics. In 1242, the first smallpox epidemic to hit Iceland is said to have killed 30 percent of the population; and it was reported that an outbreak in 1707 resulted in similar mortality (Fenn 2001: 229; Ramenofsky 1987: 161) .
Given the comparatively low mortality among European and other populations outside the Americas relative to the rates of up to 90 percent and even more reported for native groups, there is speculation that, because of the thousands of years of isolation, there was less diversity in the Native Americans' immune system antigens which rendered them less able to survive smallpox and other new infections (Fenn 2001: 26) . In her classic work on this epidemic, Fenn (2001) points out, however, that this lack of diversity was more likely an issue in measles epidemics rather than smallpox; and in other work, scholars have expressed skepticism of a genetic explanation, certainly as it relates to ABO blood groups (Crosby 1976: 291-92; Fenner et al. 1988: 166) . On the other hand, there has been experimental work on mousepox that finds a genetic component to resistance, and a small study of Dutch soldiers indicates that the presence of a particular HLA (human leukocyte antigen) group, Cw3, possibly implies greater susceptibility to smallpox (Fenner et al. 1988: 166) . The HLA allele, Cw3, which is present among 30 percent of the Netherlands population, is common among Amerindians (Bernal et al. 1990 (Bernal et al. : 1050 . 7 The documented mortality rates and case-fatality rates are much lower than the reported experience of Native Americans; nevertheless, we should heed Ramenofsky's warning that we should not simply assume Native American mortality was equal to these, generally more recent, estimates (Ramenofsky 1987: 160-62) . One question is whether mortality was increased by the way the disease was treated by Native Americans, as well as because of the harsh subarctic environment. Even in the twentieth century there was, other than early vaccination, really no effective way of treating smallpox. As Fenner et al. (1988: 64, 68) puts it: "No disease better illustrated the adage 'Prevention is better than cure.'" In poorer countries "patients were usually better looked after at home in their village surroundings ." Of course counterproductive treatments could increase mortality. Observers noted that the sweat lodge would have increased the fever associated with the early stage of the disease, when mortality was greatest. And it has been noted by others that natives responded to their fever by jumping into cold streams which, according to one fur trader, caused "instant death;" but, in fact, cold water may have been an effective way of reducing fever. In any case, and as Fenn points out, it is not at all clear that the treatment Europeans typically received, such as bloodletting, was better than the practices of Natives Americans.
Native lifeways may also have affected mortality from smallpox. The Cree and Assiniboin were migratory hunters, and a prolonged period of forced inactivity could have been devastating not just to the adult males, but to their families as well. Smallpox, although very deadly, has symptoms that last for a relatively brief period; and although the sequelae include blindness, the more severe consequences of smallpox are rare. In fatal cases, death occurs between the 10th and 16th day of the illness; and among survivors scabs separate by the 22nd to the 27th days (Fenner et al. 1988: 22) . Thus, the disease would have very seriously limited hunting and other activities for perhaps 3 to 4 weeks. The scabbing left on the soles of feet might have affected mobility for a somewhat longer period, and victims would have taken longer still to regain their full strength.
Although the impact of the disease would have largely dissipated after a month, even a month of inactivity could have serious consequences for the hunters and their families.
Throughout the eighteenth century the post journals do record instances where natives arrived at company posts, not to trade but to obtain food. There is no indication, however, that these cases increased either during or after the smallpox epidemic. In fact during what would have been the normal trading 1782 trading year, which followed the epidemic, hardly any natives came to the interior trading posts for any reason. Moreover, the few natives, who did come to the post, and reported the devastation, made clear that it was during the course of the disease that victims died.
The case-fatality rates for documented epidemics are very much lower than the overall mortality of natives that has been given in some of the historical accounts; but of course casefatality rates apply only to those who contracted the disease. There has been considerable work done on the transmission of smallpox; and the conclusion is that smallpox is less contagious than other common infectious diseases, notably measles, influenza and whooping cough. 8 The only route of infection of smallpox is through the respiratory tract. Depending on individual susceptibility, this would normally require direct contact with an infected person, and exposure to a relatively high concentration of the bacteria. According to the U.S.
Center for Disease Control: "direct and fairly prolonged face-to-face contact is required to spread the disease from one person to another," contact within about 6 to 7 feet for a period of a few hours. The disease does not normally spread as a result of casual or brief encounters. 9 Indirect transmission via fomites, including clothing and blankets, is virtually impossible (Fenner et al. 1988: 194) .
The epidemic swept through the Hudson Bay region in the fall and winter when natives would have been in their winter grounds, occupying wigwams or tepees. Since the living space in the tents was just over 100 square feet for perhaps nine to eleven individuals, the disease, once brought in, would likely have spread to all the occupants. On the other hand, transmission between tents or from one native group to another seems much less likely.
Of course, we know smallpox did spread to some in the region; but because of the dispersed population -a density of at most one wigwam per 500 square kilometers (see below) -many native groups appear to have been untouched by the epidemic. In summary, the evidence on case-fatality rates in other smallpox epidemics, the relative difficulty of transmission of smallpox, and the low population density in the Hudson Bay region belie the sorts of mortality rates claimed in the historical literature.
Mortality from the 1780-82 Smallpox Epidemic and the Trade Records
Given the nature of smallpox and the more recent evidence on how it has affected diverse populations, one might be sceptical of mortality rates of 60 percent, or higher, as reported in the diary and journal accounts from Hudson Bay. As an alternative to these reports of mortality in the region, we now approach the epidemic and its impact by focussing on the trade records. In the mid-1770s the Hudson's Bay Company set up two interior trading houses, which served York Factory and were designed to compete with the Montreal traders, who were an increasing presence in the region. Cumberland House and Hudson House are located in the interior several hundred kilometers from York Factory (see Figure 1 ). The posts quickly generated a trade comparable to the returns at York Factory from the rest of its hinterland. The trade at these the two posts is especially pertinent to our discussion of mortality since they were in the direct path of the epidemic (see Figure 2 ).
Neither Cumberland House nor Hudson House kept separate accounts. Although we do have their journals, these provide no more than a rough indication of the extent of their trade. Better are the accounts from the main trading post, York Factory. Its records include all the furs received; but, more important in terms of assessing the trade at its collection points, the accounts give a detailed list of the trade goods sent to Cumberland House and
Hudson House each year both before and after the smallpox outbreak. As shown in Figure 3 , the volume of trade goods sent in 1777 was relatively modest at 6,060 made beaver (mb), not surprising given that the two sites had just been established. But activity increased, reaching 10 11,770 mb in 1781, the year before the epidemic struck. Of course, central in terms of inferring the impact of smallpox on the aboriginal population is what happened after 1781.
There is no question that the epidemic year itself was devastating to the fur trade.
Hardly any natives arrived at the posts, and those who did come brought few furs. The place after an epidemic that was claimed to have decimated the population, and even more so the segment of the population, adult males, who were the main participants in the fur trade.
To highlight the change in trade before and after the epidemic, we compare the trade goods sent from York Factory to Cumberland House in 1781 and 1785 (see Table 1 ). In 1785, just three years after the epidemic had swept through the region and less than three years after the York Factory post had been sacked by the French, trade was already recovering. There is considerable variation by commodity, but two goods in particular give a perspective on the yearly volume of the trade, since it is unlikely these would be been stored for long periods. In 
where H is the harvest, X is the population of fur-bearing animals (mainly beaver), and E is harvesting effort. By applying equation (1), observations on the size of the harvest can shed light on the extent of harvesting effort and, by extension, the number of people involved in the trade. We have derived elsewhere an effort elasticity for beaver of 2/3. From this elasticity, 12 a sixty percent decline in effort, reflecting the lower end of reported declines in the native population, would have reduced the harvest for a given animal stock by more than 45 percent.
If we allow for some growth in the animal population due to the temporarily lower harvests, the decline is somewhat smaller, 40 percent. Prior to the smallpox epidemic, the value of We do not mean to suggest that the number of native traders was unaffected by the smallpox epidemic; rather that the pattern of trade from an area that was in the path of the epidemic is inconsistent with extreme mortality.
Population Estimates, Carrying Capacity and the Smallpox Epidemic
The volume of trade after 1782 at Cumberland House and Hudson House appears to belie the contemporary reports that sixty percent or even ninety percent of the natives in the region were carried off by smallpox. Given that such factors as a changing fur resource base, the degree of competition from the French traders, the size of the hinterland served by the houses, and population shifts could also affect the trade, it is important and perhaps ultimately more useful to deal directly with the issue of mortality by focussing directly on the actual size of native population.
Our approach initially follows along the lines of Ray (1974: 94-116 ) who uses contemporary descriptions of the population of native groups. Some of the European travellers to the region not only described the native settlements they visited but often included a commentary on the number of tents. Such reports include the years preceding and following the smallpox outbreak. For the early nineteenth century we have Alexander Henry the Younger's breakdown for the Assiniboin groups, many of whom had been in the direct path of the disease. His report is very detailed and is generally accepted as the most accurate.
In 1808, twenty-six years after the epidemic, Alexander Henry put the total for eleven different groups of Plains Assiniboin at 850 tents (Coues 1897: 522-23) . Assuming nine persons per tent gives a population of 7,650. At eleven per tent, the number Peter Fidler assumed in the early nineteenth century and reported by Demollie and Miller (1981: 590) (Henry 1969: 303) . This statement suggests that the Assiniboin population in the region may have been closer to, or even above, the more detailed estimate of thirty-two years later.
Given that the eighteenth-century reports on native settlements are incomplete and vague, we approach the question of native population and the impact of the smallpox epidemic in a way that relies on knowledge that is more firmly based. We begin by taking the nineteenth-century population estimate of Henry the Younger and project it backwards to just after the epidemic. We then compare that projected value to an estimate of the pre-epidemic population, which we base on the carrying capacity of the region; namely the native population that could have been supported by the local food supply. During the subarctic winter adult males required 4,500 to 5,000 calories per day; and, although fewer calories were needed at other times, the average daily requirement was at least four pounds (1.8 kg) of flesh food (Rogers and Smith 1981:141) . Moreover, because a high fat content was necessary, the requirement had to be met mainly from the meat of large game. The native population was therefore limited by the population of large ungulates.
The northern boreal forest that covered nearly all the fur-trading hinterland of the Hudson's Bay Company was ideal habitat for moose and this was the main food source of the natives who lived in the region. The Cumberland post journal for 1774/5 is replete with description of moose as a primary meat source. Indeed, no other large ungulate is mentioned.
For example, in September "Early in the morning an Indian man came to the tent and informed me of his having killed a moose not far off for which I payed him and sent the people with two canoes to fetch home the meat;" in December "The Indian Man who were sometime since mentioned as starving came in with some of his family brought 4 sledge load of Moose Flesh;" and in February the journal notes: "one Indian man with news that 3 tents of Indians were within 5 hours walk and some had killed 5 moose and coming with most of the meat" (HBC, Post Journals, Cumberland House).
The maximum density of moose and the amount of meat available from optimally exploiting the biomass thus provide us with a way of conjecturing the maximum human population density, and, by extension, the total native population in the region. Even allowing that some of the flesh requirement was met by rabbit and other small game in the winter and by fish as well during the summer, consumption of large ungulates could hardly have averaged less that 1.5 kg per day for an adult male, and 5 kg per day for a family of five (Carlos and Lewis 2010: 220-30) . Over the year consumption would therefore have totalled about 1,800 kg per family.
There are a wide range of estimates of moose density in the type of boreal forest that this proportion, the meat they might have harvested each year, from a region with a capacity of 1,000 moose, was 10,950 to 14,600 kg, which would have been sufficient to maintain between six and eight families.
The part of the Hudson Bay region that was in the path of the epidemic was one of the better habitats for moose, so we take the upper end in Ontario of moose density at capacity, 0.5 moose/km 2 . At this density the families, who could have been supported by a standing crop of moose at 1,000 capacity, needed a hunting ground of 2,000 km 2 . At five persons per family, the population would therefore been in the range one person per 67 to 50 square kilometers. These values are well above the high end of the population density estimate, one person per 130 km 2 , given by Rogers and Smith (1981) for the northern Canadian shield, and they are about twice the population density in the entire York Factory hinterland based on tent counts during mid-eighteenth century (Carlos and Lewis 2010, 72) . On the other hand, they 18 are close to Ubelaker (1988, 291) The calculation of population based on carrying capacity is subject to a range of error at each stage, including those involving meat requirements, edible meat per animal, maximum harvest rates, and potential animal densities. Our approach, we believe, has been to err on the side of overestimating densities, but further adjustments including making an allowance for the fact Assiniboin occupied some non-boreal forest areas, could result in higher densities that we have suggested. As it is, though, our densities are well above those suggested by Rogers and Smith, and close the value given by Uberlaker for this type of region. The overall implication of this approach based on carrying capacity is that the smallpox epidemic reduced the native population in the region by no more than 20 percent, and quite possibly less.
Interpreting the Epidemic
Our conclusion that the smallpox epidemic of 1780-82 led to relatively low mortality is contrary to nearly all that has been written, both by contemporary observers and historians.
Given that we have no reliable population counts for the pre-epidemic period, such an iconoclastic result should be viewed with scepticism. At the same time, it is important to recognize that the generally accepted narrative is based on evidence that is less than firm. he observed about the number of tents that remained he told Thompson that "it appeared about three-fifths had perished" (Glover 1962: 236) . Thompson also talked about "seeing" tents in the vicinity in which the natives "were all dead." Clearly these eye-witness accounts are testimony to a disease that killed many. Still, the lack of anything approaching firm numbers calls for scepticism about this evidence as well.
Despite the claims of contemporaries and the interpretation of historians of the smallpox epidemic of 1780-82 in the Hudson Bay region, the three approaches to smallpox mortality used in this paper lead to broadly similar conclusions. There is a long history of variola in its various forms, some more virulent than others, but in no case where numbers are reliable did case-fatality rates begin to approach the sorts of mortality claims made about the 1780-82 epidemic, and this includes rates for other "virgin soil" populations. In areas of rural India, where the population had no previous exposure to smallpox, case fatality rates for the adult population under age 40 were found to be on the order of 20 percent, and the experience of other populations where data are reliable has been similar. In fact recent work on smallpox suggests there may be little or no genetic link, suggesting Native Americans may have been no more likely to die from the disease than unvaccinated populations with a long history of the disease. It also appears, given the difficulty of transmitting smallpox as compared to other infectious diseases, that many native groups were likely untouched by this smallpox epidemic.
If observed case-fatality rates are reflective of what Native Americans might have experienced, and recognizing that the population was thinly dispersed over the subarctic and far northern plains, overall mortality could very well have been on the order of 20 percent or less.
Our second approach to mortality is to examine the trade at the Cumberland and
Hudson outposts, which were in the direct path of the epidemic. The volume of furs brought to these sites was entirely dependant on the native trappers and traders. It seems inconceivable that a large decline in that population would not have been reflected in the trade returns. In 1782, the year smallpox passed through the region, the trade at these posts did indeed collapse, but this might not because of native mortality. Rather, fearing the effects of the disease, natives redirected their effort from obtaining the luxuries associated with the fur trade to concentrating on their survival. Had a decline in native population been the reason for the loss in the trade, the effects would have been long-lasting. What we find instead is that the volume of trade, as reflected in the goods sent by York Factory, exceeded within six years the peak of the trade prior to the epidemic. There is the possibility that the vacuum left by the epidemic was filled by other native groups moving into the region; but evidence on aboriginal migration gives no indication that this happened. Over the period 1780 to 1821, despite some changes within in the region, the Cree, Assiniboin, Ojibwa and Chipewyan were occupying very similar territories (Ray 1974, 99-110) . Indeed it would have taken some courage for natives in areas unaffected by smallpox to move into a region that had so recently been devastated by the disease.
Finally we infer mortality on the basis of a backward population projection and the carrying capacity of the land in the region. We have for the Assiniboin what appears to be a careful population estimate for 1808. By assuming a relatively high annual growth rate of 1 percent, we estimate that the human population in 1782, just after the epidemic passed through the region, was at least of 6,500. Even had the pre-epidemic population been close to the maximum carrying capacity of the region -one person per 50 km or 8,300 in total for the 2 415,000 square kilometer region -the smallpox outbreak could have reduced the population by no more than 20 percent.
Undoubtedly some native people in the region died of smallpox; the contemporary accounts on this score are indisputable. What is in question is how widespread was smallpox in terms of the numbers contracting the disease, and how lethal the disease was to those who contracted it. We conclude that the smallpox epidemic of 1780-82 in the subarctic and far northern plains had a modest impact on the native population. Importantly, this finding could have broader implications for views about the size of aboriginal populations prior to the coming of Europeans and how contact affected those populations and native society.
18. On the other hand Uberlaker (1988) estimates population density at the time of contact as one person per 50 km in the entire subarctic and Dobyns (1983) has derived population 2 estimates for North America that imply densities that are much higher still.
19. In the early nineteenth century the area occupied by the Assiniboin included in the plains, which likely supported greater population densities than the boreal forest.
20. Life expectancy at birth of these populations would certainly have been under 35 years. The required gross reproduction rate (GRR) that would have allowed am annual population growth of 1 percent was between 2.75 and 3.00 (Wrigley and Schofield 1989: 243) . A GRR in this range (roughly 5.5 to 6 births per woman) is close to the upper end of what would have been possible. There could also have been morbidity impacts on fertility in the years after the epidemic. Sources : Fenner et al. (1988, 51, 53, 54, 176) ; Fredericksen and Motemani (1957, 854) ; Mack et al. (1970, 483) . 16,000
